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TITLE OF THE INVENTION 
VEHICULAR SAFETY APPARATUS 
BACKGROUND OF THE INVENTION 
Field of the Invention 
5 [0001] The present invention relates to vehicular 

safety apparatus actuated, for example, in cases where 
a vehicle is at high risk of collision. 
Related Background Art 

[0002] There are conventionally known vehicular 

10 safety apparatus with a brake assist system which 

generates a higher brake pressure than a brake pressure 
by a driver's braking operation when an intervehicle 
distance becomes smaller than a predetermined 
threshold. For example, Japanese Patent Application 
15 Laid-Open No. 11-124019 (pp. 11-12, and Fig. 6) 

discloses the technique of setting up the intervehicle 
distance threshold suitable, for a driver based on his 
(her) driving pattern, so as to provide the suitable 
brake assist. This brake assist control is started 
20 when the intervehicle distance becomes smaller than the 

threshold and when the brake pedal stroke velocity 
becomes faster than a predetermined velocity. 
SUMMARY OF THE INVENTION 

[0003] Even if the intervehicle distance threshold 

25 is suitably set up based on the driver's driving 

pattern, as disclosed in the above Japanese Patent 
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Application, the brake assist control is not initiated 
before the brake pedal is stroked faster than the 
predetermined stroke velocity. The effect of the brake 
assist control is brought only when the brake pedal is 
5 stroked faster than the predetermined stroke velocity. 

[0004] In this respect, it is also conceivable 

that the above disadvantage is circumvented if a lower 
stroke velocity threshold is set as an initiation 
condition for the brake assist control. However, if 
10 the driver depresses a brake pedal slowly when the 

intervehicle distance is smaller than the predetermined 
threshold, the brake assist control will increases the 
braking force up to a prescribed brake assist force 
suddenly when the control is started. Then the driver 
15 will feel a deceleration largely different from the 

operating feeling on the brake pedal. 

[0005] Furthermore, in the case where an avoidance 

operation with manipulation of the steering wheel is 
also carried out in addition to the braking operation, 

20 the above deceleration can induce degradation of the 

steering feeling in the avoidance operation. 
[0006] The present invention has been accomplished 

in order to solve the above problem. And an object of 
the invention is to provide vehicular safety apparatus 

25 capable of suitably demonstrating its performance 

without causing the driver to feel odd, by being 
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actuated adequately reflecting the actual operation 
feeling during the driver's braking operation. 
[0007] The present invention is a vehicular safety 

apparatus actuated according to a collision prediction 
level of a vehicle. The vehicular safety apparatus of 
the present invention comprises determining means for 
determining a collision prediction level of a vehicle 
on the basis of a relative position between the vehicle 
and an obstacle ahead of the vehicle; storage means for 
storing an amount of brake operation by a driver at a 
point where the collision prediction level of the 
vehicle exceeds a predetermined threshold, based on a 
result of determination by the determining means; and 
actuation control means for, while defining the amount 
of brake operation stored in the storage means, as a 
reference level, actuating the safety apparatus in 
accordance with an increase of the amount of brake 
operation from the reference level. 

[0008] Since the actuation control means performs 

the control of actuation of the safety apparatus in 
accordance with an increase of the amount of brake 
operation from the reference level stored in the 
storage means, the actuation control is executed so as 
to prevent the excessive actuation when the increase of 
25 the amount of brake operation by the driver is low and 

so as to fully demonstrate the performance when the 
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increase of the amount of brake operation by the driver 
is high. It is defined herein that the point where the 
collision prediction level exceeds the predetermined 
threshold includes a point immediately before crossing 
5 over the threshold. 

[0009] The vehicular safety apparatus is 

preferably configured to further comprise prohibiting 
means for prohibiting the actuation control means from 
performing a control process if the determining means 
10 continuously determines the collision prediction level 

of not less than a predetermined level for a fixed 
period. When the safety apparatus is provided with 
such prohibiting means, the vehicular safety apparatus 
can be prevented from being actuated in an undesirable 
15 manner, for example, in the case where the determining 

means continuously makes incorrect determinations due 
to sensor failure or the like. 

[0010] In another preferred configuration, the 

safety apparatus further comprises prohibiting means 

20 for prohibiting the actuation control means from 

performing a control process in at least one of a case 
where a vehicular velocity is a predetermined low 
velocity including a stop state and a case where a 
gearshift lever is placed in a non-forward position. 

25 At low vehicle speeds or during a stop, there is often 

no need for the control of actuation of the safety 
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apparatus as described above, but the vehicle can be 
close with an opponent vehicle and the safety apparatus 
can be actuated. While the gearshift lever is placed 
in a non-forward position such as N (neutral) or P 
(parking), there is less need for actuation of the 
safety apparatus. In the case where the vehicle 
velocity is low or in the case where the gearshift 
lever is placed in a non-forward position, it is 
considered that there is no need for the control of 
actuation of the safety apparatus, and the prohibiting 
means prohibits the actuation control means from 
performing the control process, so as to prevent the 
unwanted actuation of the vehicular safety apparatus. 
[0011] The prohibition of the determination 

15 process itself to be carried out by the determining 

means results in supplying no determination result to 
the actuation control means, and this results in 
prohibiting the control process of the actuation 
control means. Therefore, the prohibiting means is 
also supposed to embrace a case where it prohibits the 
determination process of the determining means. 
[0012] The safety apparatus is preferably 

configured so that on the occasion of carrying out the 
control of actuation in accordance with the increase 
from the reference level, the increase being supposed 
to be equal, the actuation control means carries out 
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the actuation control for greater increases in the 
higher collision prediction level than in the lower 
collision prediction level. When the actuation control 
means is made to execute the actuation control for 
5 greater increases from the reference level in the high 

collision prediction level, the performance of the 
safety apparatus is demonstrated better. In the low 
collision prediction level, the actuation of the safety 
apparatus is prevented from becoming excessive. 
10 [0013] The safety apparatus is preferably 

configured so that the actuation control means further 
comprises minimum control means for, when the increase 
of the amount of brake operation from the reference 
level is within a range of a predetermined small 
increase, carrying out the control of actuation in 
accordance with a predetermined increase over the range 
of the small increase. Since the safety apparatus is 
actuated according to the increase from the reference 
level by the actuation control means, the safety 
apparatus is actuated only slightly when the increase 
from the reference level is small. Therefore, there 
can also occur an event where the performance of the 
apparatus is not fully demonstrated. While also 
considering that the status is the situation where the 
25 collision prediction level exceeds the predetermined 

threshold, the minimum control means performs the 
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actuation control according to the predetermined 
increase over the range of the small increase even in 
the case where the increase from the reference level is 
within the range of the predetermined small increase, 
whereby the minimum required performance of the safety 
apparatus is demonstrated with certainty. 
[0014] The safety apparatus is preferably 

configured to further comprise prohibiting means for 
prohibiting the minimum control means from performing 
the actuation control if the increase of the amount of 
braking operation from the reference level is within 
the range of the predetermined small increase and if 
the reference level is within a predetermined slow 
braking range. As the determination result is received 
15 from the determining means, the amount of brake 

operation at the point where the collision prediction 
level of the vehicle exceeds the predetermined 
threshold is defined as a reference level. However, in 
the case where the reference level is within the slow 
20 braking range, there is less necessity for the 

actuation of the safety apparatus and there is a high 
possibility that the determining means made an 
incorrect determination that the collision prediction 
level was high. If the minimum control means acts in 
25 such cases, the safety apparatus will be actuated, so 

as to cause the driver to feel odd. Therefore, the 
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prohibiting means prohibits the minimum control means 
from performing the control of actuation in the case 
where the reference level is within the slow braking 
range, which can alleviate the odd feeling that might 
be caused where the safety apparatus is erroneously 
actuated during the slow braking period. 
[0015] The safety apparatus is preferably 

configured to further comprise brake control means for 
generating a brake assist force to increase a braking 
force according to a braking operation, and the 
actuation control means controls the brake control 
means to generate a greater brake assist force as the 
increase of the amout of brake operation from the 
reference level becomes larger. The actuation control 
means controls the brake control means in the safety 
apparatus. This results in generating the brake assist 
force according to the increase of the amount of brake 
operation from the reference level, whereby the brake 
assist force is prevented from becoming excessive in 
the case where the increase of the amount of brake 
operation is low (small) and whereby the brake assist 
force becomes greater in the case where the increase of 
the amount of brake operation is high (large) . 
[0016] Preferably, the amount of brake operation 

by the driver is a quantity indicating a force of 
driver's braking operation. The quantity indicating 
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the force of driver's braking operation can be a 
pressure of a brake master cylinder increased by a 
force on the brake pedal. A larger braking force acts 
with hard braking, in other words, with the need for 

5 actuation of the safety apparatus. When the control 

the safety apparatus is carried out on the basis of the 
force of driver's braking operation in this way, the 
performance of the safety apparatus can be suitably 
demonstrated without causing the driver to feel odd. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Fig. 1 is a block diagram showing a 

configuration of a vehicular safety apparatus according 

to an embodiment . 

Fig. 2 is a transformation diagram stipulating 
15 the relationship between calculation result T and 

collision prediction level a. 

Fig. 3 is a hydraulic system diagram showing a 
configuration of a brake actuator. 

Fig. 4 is a flowchart showing brake assist 

20 control processing. 

Fig. 5 is a flowchart showing the brake assist 
control processing according to another embodiment. 

Fig. 6 is a flowchart showing a process of 
prohibiting the brake assist control. 
25 Fig . 7 is an illustration schematically showing 

an activation of brake assist control. 
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Fig. 8 is an illustration schematically showing 
an activation of brake assist control. 

Fig. 9 is an illustration schematically showing 
an activation of brake assist control. 

Fig. 10 is an illustration schematically showing 
an activation of brake assist control. 

Fig. 11 is a flowchart showing the brake assist 
control processing according to another embodiment. 

Fig. 12 is a graph stipulating the relationship 
between collision prediction level and increase 

coefficient K. 

Fig. 13 is a flowchart showing the brake assist 
control processing according to another embodiment. 

Fig. 14 is a chart showing a transition of 
hydraulic pressure in the case where the control 
process of Fig. 13 is carried out. 

Fig. 15 is a flowchart showing the brake assist 
control processing according to another embodiment. 
DESCRIPTION OF THE PREFERRE D EMBODIMENTS 
[0018] Fig. 1 shows an overall configuration of a 

vehicular safety apparatus. This vehicular safety 
apparatus is a safety apparatus for imparting a brake 
assist force in the event of high risk of collision, 
and comprises collision prediction determination part 
100 for determining a collision prediction level of a 
vehicle on the basis of a relative position between the 
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vehicle and an obstacle ahead of the vehicle; brake 
control amount calculation part 200 for receiving the 
result of the determination made by the collision 
prediction determination part 100 and setting a brake 
assist amount based thereon; brake actuator 300 for 
generating a brake assist force according to the brake 
control amount calculated by the brake control amount 
calculation part 200, and so on. 

[0019] The collision prediction determination part 

100 for determining the collision prediction level is 
given results of detection by an obstacle sensor 10 
provided with a distance radar for detecting a distance 
and a relative velocity between the vehicle and an 
object ahead of the vehicle as radar data, by an 
acceleration sensor 12 for detecting a longitudinal 
acceleration acting on the vehicle, and by wheel 
velocity sensors 14 for detecting rotating velocities 
of the wheels. The collision prediction determination 
part 100 determines the distance (intervehicle 
distance) and relative velocity to the object ahead of 
the vehicle on the basis of the distance information 
and relative velocity information to the object ahead 
of the vehicle (obtained from the detection result of 
obstacle sensor 10), the acceleration/deceleration 
information of the vehicle (obtained from the detection 
result of acceleration sensor 12), and the vehicle 
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velocity information (obtained from the detection 
result of wheel velocity sensors 14) . And the 
collision prediction determination part 100 performs 
the calculation of T (intervehicle 

distance) /(relative velocity). Then this calculation 
result T is transformed into danger prediction level a 
according to the transformation chart shown in Fig. 2, 
so as to determine the degree of danger prediction. 
This calculation result T is a value corresponding to a 
"time up to a collision" and the danger prediction 
level a tends to increase with decrease in the value of 
calculation result T. In the calculation process of T, 
a coefficient to decrease the value of T with increase 
in vehicle velocity may be set according to the vehicle 
15 velocity. In another potential configuration, a 

correction process can be carried out so as to increase 
the value of danger prediction factor a with increase 
in the vehicle velocity, even for the same calculation 
result T. 

20 [0020] In addition to the determination result by 

the collision prediction determination part 100, the 
brake control amount calculation part 200 is given 
detection results of master pressure sensor 16 for 
detecting the hydraulic pressure in the master 

25 cylinder, pedal stroke sensor 18 for detecting a stroke 

amount of the brake pedal, pedal depressing force 
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sensor 20 for detecting a depressing force as a force 
on the brake pedal, a shift position sensor indicating 
a position of the gearshift lever, and wheel velocity 
sensors 14 for detecting the rotating velocities of the 
5 respective wheels. The brake control amount 

calculation part 200 executes the control of brake 
actuator 300 on the basis of these input information. 
[0021] Fig. 3 shows a configuration of brake 

actuator 300. A master cylinder 2 has two independent 
10 pressure chambers 2F, 2R connected in series, and each 

pressure chamber 2F, 2R is filled with a brake fluid. 
When the brake pedal 1 is depressed, the volume of 
pressure chambers 2F, 2R in the master cylinder 2 
varies to increase the fluid pressure of the brake 
15 fluid filled therein; the hydraulic pressure to act on 

wheel cylinders 6FL, 6FR (the left and right front 
wheels) is established in the pressure chamber 2F, and 
the hydraulic pressure to act on wheel cylinders 6RL, 
6RR (the rear wheels) is established in the pressure 

20 chamber 2R. 

[0022] Hydraulic passage 302F is connected at one 

end to pressure chamber 2F and connected at the other 
end to master cut valve 340F. The master cut valve 
340F is constructed in a configuration wherein a linear 

25 valve capable of linearly adjusting the flow rate and a 

check valve for checking counter flow are connected in 
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parallel. The check valve has a function of permitting 
the flow when the pressure chamber 2F is higher in 
pressure than the wheel cylinders 6FL, 6FR, i.e., the 
flow of the brake fluid from pressure chamber 2F to 
wheel cylinders 6FL, 6FR, but blocking the flow of the 
brake fluid in the direction opposite thereto. The 
linear valve has a function of blocking the flow of the 
brake fluid from pressure chamber 2F to wheel cylinders 
6FL, 6FR and being capable of linearly changing the 
flow rate according to a given control signal (electric 
current signal), for the brake fluid flowing from wheel 
cylinders 6FL, 6FR to pressure chamber 2F (or suction 
valve 342F) . 

[0023] NO(Normally Open) -type switch valve 320F to 

15 switch between OPEN and CLOSE in response to on and off 

signals is provided midway in each hydraulic passage 
304F connecting the master cut valve 340F to wheel 
cylinder 6FL, 6FR, and check valve 322F for checking 
the flow of the brake fluid toward wheel cylinder 6FL, 
6FR is provided in parallel with the switch valve 320F. 
[0024] Hydraulic pump 350F rotated by motor M 

functions as a hydraulic source during control of the 
brake assist force and a discharge port of this 
hydraulic pump 350F is connected via check valve 352F 
25 for checking counter flow toward the discharge port, 

and via damper chamber 354F to downstream of master cut 
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valve 340F by hydraulic passage 306F. This permits the 
brake fluid discharged from hydraulic pump 350F to be 
supplied through hydraulic passages 306F and 304F to 
wheel cylinders 6FL, 6FR. 
5 [0025] A suction port of this hydraulic pump 350F 

is connected through hydraulic passage 308F to 
reservoir 360F, and this hydraulic passage 308F is 
provided with check valves 356F, 358F for checking the 
flow of the brake fluid in the direction opposite to 
10 the suction direction. 

[0026] Each hydraulic passage 304F between switch 

valve 320F and wheel cylinder 6FL, 6FR is connected 
through hydraulic passage 310F to reservoir 360F, and 
NC (Normally Close) -type switch valve 330F to switch 
between OPEBN and CLOSE in response to on and off 
signals is provided midway in the hydraulic passage 
310F. 

[0027] Furthermore, hydraulic passage 312F 

connects the hydraulic passage 302F to hydraulic 
passage 308F between the check valves 356F, 358F, and 
suction valve 342F to switch between OPEN and CLOSE in 
response to on and off signals is provided midway in 
the hydraulic passage 312F. A suction amount into 
hydraulic pump 350F can be controlled by open/close 
switch control or Duty control of suction valve 342F, 
whereby a discharge amount of the brake fluid from the 
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hydraulic pump 350F can be adjusted. 

[0028] correspondingly, the hydraulic transmission 

system for rear wheels RL, RR between pressure chamber 
2R and wheel cylinders 6RL, 6RR is also constructed in 
much the same configuration as that for front wheels 
FR, FL described above. In Fig. 3, the corresponding 
components in the hydraulic transmission system for 
rear wheels RL, RR are denoted by the same reference 
symbols as those for the respective components in the 
system for front wheels FR, FL except that "F" is 
replaced by "R, " and the description thereof is omitted 
herein . 

[0029] The brake pedal 1 is provided with pedal 

stroke sensor 18 for detecting a stroke of depression 
15 on the brake pedal 1, and pedal depressing force sensor 

20 for detecting the pedal depressing force as a force 
on the brake pedal 1, and master pressure sensor 16 for 
detecting the hydraulic pressure generated at master 
cylinder 2 is provided on the hydraulic passage 302R. 
20 [0030] The brake actuator 300 constructed of the 

pumps, various valve units, etc. as described above is 
subjected to control of actuation by brake control 
amount calculation part 200. The brake control amount 
calculation part 200 executes each of a brake assist 
25 control of generating a greater braking force upon 

emergency braking, an intervehicle distance control of 
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securing a predetermined intervehicle distance relative 
to a preceding vehicle, etc., and controls the 
actuation of brake actuator 300 in accordance with the 
various control processes. 
5 [0031] Among the control processes over the brake 

actuator 300 executed by the brake control amount 
calculation part 200, the brake assist control 
processing will be described below along the flowchart 
of Fig. 4. 

10 [0032] After a start by an on operation of the 

ignition switch, the calculation part first proceeds to 
step (» s tep" will be represented hereinafter by "S") 
102 to retrieve the wheel velocities WV of the 
respective wheels FL, FR, RL, RR, the shift position 
15 information of the gearshift lever, the master pressure 

P, and the collision prediction level a determined by 
collision prediction determination part 100, and then 
moves to S104 to calculate the vehicle velocity V of 
the vehicle on the basis of the wheel velocities WV of 
20 the respective wheels FL, FR, RL, RR. 

[0033] At subsequent S106, the calculation part 

determines whether the vehicle velocity V calculated at 
S104 is smaller than a threshold Vth indicating a 
predetermined low velocity, and at next SI 08 the 
25 calculation part determines whether the gearshift lever 

is placed in one of the P (parking) position, the N 
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(neutral) position, and the R (reverse) position, i.e., 
whether the gearshift lever is placed in a non-forward 
position . 

[0034] The determination processes of S106 and 

S108 will be described below. Under a situation in 
which the vehicle is running at an extremely low 
vehicle velocity V, the brake assist control is less 
necessary. Furthermore, since the collision prediction 
determination is made on the basis of the relative 
position with another vehicle (an obstacle ahead of the 
vehicle) by the obstacle sensor using the radar device, 
there can occur such events that, particularly, even 
during a stop of the vehicle at an intersection or the 
like (vehicle velocity V = 0) , the collision prediction 
15 level can increase because of another vehicle turning 

right, so as to unnecessarily actuate the brake 
actuator 300. In addition, the gearshift lever is 
normally positioned at the operation position of N 
(neutral) during a tow of the vehicle, and the 
intervehicle distance to the preceding car pulling the 
host car tends to be relatively close; therefore, there 
can occur cases where the collision prediction level 
increases. During parking just before a sloping road 
(particularly, a rising gradient) with the gearshift 
25 lever at the P (parking) position, the sloping road can 

be recognized as an obstacle ahead of the vehicle. 
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During backward movement of the vehicle with the 
gearshift lever at the R (reverse) position, the 
vehicle normally runs at very low velocity and thus the 
brake assist control is less necessary. 

[0035] As described above, the determination 

processes of S106 and S108 are substantially to make 
determinations on prohibition conditions for 
prohibiting execution of the brake assist control. 
When either of these S106 and S108 results in making 
the determination of "Yes," the calculation part moves 
to S122 to turn off the motor M for driving the 
hydraulic pumps 350F, 350R and then moves to S124 to 
store the value of master pressure P retrieved at S102, 
as pressure reference value Ps used as a reference in 
setting of the brake assist force. Thereafter, the 
current routine is terminated. 

[0036] In this situation, the actuation control 

over each valve unit is not executed yet, and thus each 
valve unit is maintained in an initial state; the 
suction valves 342F, 342R are closed, the switch valves 
320F, 320R are opened, the switch valves 330F, 330R are 
closed, whereby the hydraulic pressure of each pressure 
chamber 2F, 2R of the master cylinder 2, which is 
generated by the depressing operation on the brake 
25 pedal 1, is imparted to the wheel cylinders 6FL, 6FR, 

6RL, 6RR. 
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[0037] On the other hand, when the determination 

processes of S106 and S108 both result in making the 
determination of "No," the calculation part moves to 
S110 to further determine whether the value of 
5 collision prediction level a retrieved at S102 is 

larger than relatively low prediction level <xl . When 
the value of collision prediction level a is not more 
than the relatively low prediction level al (in the 
case of "No" at S110) , the calculation part transfers 
10 to the processes at and after S122 described 

previously. However, when the collision prediction 
level a is greater than al (in the case of "Yes" at 
S110), the calculation part proceeds to S112 to turn on 
the motor M for driving the hydraulic pumps 350F, 350R, 
15 thereby getting ready for a start of the brake assist 

control. If the motor M should be switched on at the 
timing of actually starting the control, some time 
would be taken before the motor M reaches the frequency 
of rotation intended for the control. In contrast, 
when the motor M is preliminarily turned on when the 
collision prediction level a becomes greater than the 
relatively low al as described above, the motor can 
reach the predetermined rotation frequency at the time 
of a start of control, so as to enhance the response of 

25 hydraulic control. 

[0038] After the motor M is switched on at S112, 
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the calculation part goes to S114 to determine whether 
the value of master pressure P retrieved at S102 is 
smaller than a predetermined large hydraulic pressure 
Pm. The case of "No" is a situation in which before a 
start of the brake assist control the driver adequately 
depresses the brake pedal 1 so as to generate a large 
hydraulic pressure. In this case, the brake assist 
control is unnecessary, and thus the calculation part 
moves to the processes at and after S124 to terminate 
the current routine without execution of the brake 
assist control. 

[0039] In the case of "Yes" at S114, i.e., when 

the value of master pressure P retrieved at S102 is 
smaller than the hydraulic pressure Pm, the calculation 
15 part moves to S116 to determine whether the value of 

collision prediction level a exceeds a2 greater than 
al. When the collision prediction level a is not more 
than «2 (in the case of "No" at S116) , it is assumed 
that the start conditions for the brake assist control 
are not met, and thus the calculation part goes to S12 4 
to terminate the current routine without execution of 
the brake assist control. 

[0040] When the collision prediction level a 

exceeds «2 (in the case of "Yes" at S116) / the 
25 calculation part moves to S118 to set AP = (P - Ps) * K 

as braking increase AP corresponding to a brake assist 
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force. In this equation "K" is a predetermined 
increase coefficient (K > 0) , »P" the master pressure 
retrieved at S102, and "Ps" the pressure reference 
value set at S124 in the last or previous routine. 
5 [0041] Thereafter, the calculation part goes to 

S120 to carry out the control of actuation of the brake 
actuator 300 so that the hydraulic pressure higher by 
AP than the hydraulic pressure generated by the 
driver's braking operation acts on the wheel cylinders 
10 6FL, 6FR, 6RL, 6RR, based on the braking increase AP 

calculated at S118. During this operation, the suction 
valves 342F, 342R are made open (or are subjected to 
open/close duty control), the motor M is duty-driven, 
and control is made on the opening amount of the linear 
15 valve in the master cut valve 340F. 

[0042] When the processing as described above is 

repeatedly carried out, the brake assist control is 
implemented with the brake assist force according to 
the increase deviation (P - Ps) . P is the present 
20 master pressure. Ps is the pressure reference value 

stored when the brake assist control is started. This 
makes it feasible to prevent an excessive brake assist 
force from being generated in the case of the small 
increase of the amount of brake by the driver and to 
25 generate a larger brake assist force in the case of the 

large increase of the amount of brake operation. 
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[0043] Although illustration is omitted from the 

flowchart of Fig. 4, the operation is carried out as 
follows after the start of the brake assist control at 
S120: the brake assist control continues while the 
master pressure P is not less than the pressure 
reference value Ps; the brake assist control is 
terminated when the master pressure P becomes lower 
than the pressure reference value Ps . 

[0044] Although illustration is omitted from the 

flowchart of Fig. 4, when the collision prediction 
level a is decreased to not more than a2 after the 
start of the brake assist control at S120, i.e., when 
the determination of "No" is made at S116 during the 
brake assist control, the brake assist control is 
terminated. On this occasion, it is desirable to 
execute a pressure decrease control process of 
decreasing the hydraulic pressure acting on the wheel 
cylinders 6FL, 6FR, 6RL, 6RR so that the hydraulic 
pressure acting on the wheel cylinders 6FL, 6FR, 6RL, 
6RR decreases to the hydraulic pressure according to 
the driver's braking operation at a predetermined 
pressure decreasing gradient. An example of the 
control in this case is such that the suction valves 
342F, 342R are closed and the valve travel of the 
linear valve in the master cut valve 340F is gradually 
increased to the open position at a predetermined 
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gradient, so as to gradually decrease the hydraulic 
pressure acting on the wheel cylinders 6FL, 6FR, 6RL, 
6RR to the hydraulic pressure according to the driver's 
braking operation. 
5 [0045] As described above, the flowchart of Fig. 4 

exemplified the case where the brake assist control was 
terminated when the collision prediction level a became 
not more than a2 after the start of the brake assist 
control at S120. This is just a preferred embodiment 
10 in the case of the intervehicle distance control to 

secure the predetermined intervehicle distance between 
the vehicle and the preceding vehicle, and the present 
invention is not limited to this example. It is also 
possible to adopt a technique of continuing the brake 
15 assist control to a halt of the vehicle (vehicle 

velocity V = 0) after the start of the brake assist 
control at S120, for example, in the case of a precrash 
brake control with higher urgency, such as collision 
avoidance . 

20 [0046] An example of this control is presented in 

the flowchart of Fig. 5. The flowchart of Fig. 5 
employs all the process steps in the flowchart of Fig. 
4 and S200's step numbers represent newly added process 
steps . 

25 [0047] The added steps will be described below. 

At S104 the calculation part calculates the vehicle 
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velocity V and then moves to S200 to determine whether 
the value of flag F satisfies F = 0, i.e., whether the 
present status is before a start of the brake assist 
control. The flag F is set to F - 1 at S202 subsequent 
5 to S118, whereby the flag F serves as a flag indicating 

a progress of execution of the brake assist control. 
[0048] At S200, if the brake assist control is not 

started yet (in the case of "Yes" at S200) , the 
calculation part moves to the processes at and after 
10 S106. When the brake assist control is already active 

(in the case of "No" at S200) , the calculation part 
moves to S204 to determine whether the vehicle velocity 
V calculated at S104 satisfies V = 0. When the vehicle 
is not stopped yet (in the case of "No" at S204), the 
15 calculation part transfers to the processes at and 

after S118. When the vehicle comes to a halt with 
repetition of this routine, S204 results in making the 
determination of "Yes" and then the calculation part 
proceeds to S206 to reset the flag F to F = 0 . Then 
20 this routine is terminated. 

[0049] By executing the control processing as 

described above, it becomes feasible to continue the 
brake assist control before a halt of the vehicle 
(vehicle velocity V - 0) once the brake assist control 
is started at S120. Although illustration is omitted 
from the flowchart of Fig. 5, it is desirable to 
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[0052] On the other hand, when at S304 the 

collision prediction level a satisfies a > 0 (in the 
case of "Yes" at S304), the calculation part moves to 
S308 to count up the value of count T of the timer to T 
+ 1, and thereafter moves to S310. At S310, the 
calculation part determines whether the count T of the 
timer exceeds a predetermined threshold Tth. The 
current routine is terminated with the determination of 
"No." However, in the case of "Yes" at S310, i.e., 
when the count T of the timer exceeds the predetermined 
threshold Tth, the current status is that the time with 
the collision prediction level a satisfying the 
condition of a > 0 is too long over the threshold Tth. 
It is assumed in this status that an incorrect 
collision determination was made because of an 
erroneous detection of continuously detecting noise by 
obstacle sensor 10, a communication failure such as 
inclusion of noise in a detection signal, or a failure 
in the sensor itself or in the collision prediction 
20 determination part 100 itself, and then the calculation 

part proceeds to S312 to prohibit the brake assist 
control itself. 

[0053] It is determined at S312 whether the brake 

assist control is active, i.e., whether the braking 
increase AP is in setting, for example, by determining 
whether the value of flag F is set at F = 1 as 
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execute the pressure decrease control process of 
gradually decreasing the hydraulic pressure acting on 
the wheel cylinders 6FL, 6FR, 6RL, 6RR, as described 
previously, at S206 of the termination process. 
5 [0050] Another embodiment will be described below 

along the flowchart shown in Fig. 6. The flowchart of 
Fig. 6 shows processing in the case where after the 

collision prediction level a is continuously outputted 

for a predetermined time, the brake assist control is 
10 prohibited on the assumption that sensor failure or the 

like induced incorrect action in the danger prediction 

determination . 

[0051] This flowchart is activated by an on 

operation of the ignition switch. After the start, the 
15 calculation part moves to S302 to retrieve the 

collision prediction level a, which is the result of 
determination by the collision prediction determination 
part 100. At subsequent S304, the calculation part 
determines whether the value of collision prediction 
20 level a retrieved at S302 satisfies a > 0. When the 

determination result is that the collision prediction 
level a is equal to 0 (in the case of "No" at S304), 
the calculation part moves to S306 to reset the value 
of count T of a timer measuring a time when collision 
25 prediction level a becomes greater than 0, to T = 0, 

and then again starts the processes at and after S302. 
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previously described with Fig. 5. When the braking 
increase AP is in setting (in the case of "Yes" at 
S312), this determination is repeatedly executed before 
an end of the brake assist control. Once the brake 
assist control is terminated, S312 results in making 
the determination of "No" and the calculation part goes 
to S314 to inform the driver of occurrence of the 
failure in the brake assist control system by lighting 
an alarm lamp. Then the calculation part moves to S316 
to prohibit the brake assist control processing shown 
in Fig. 4 or in Fig. 5, and then terminates the 
determination routine of Fig. 6. 

[0054] The flowchart of Fig. 6 included the 

measurement of the time when the collision prediction 
level a satisfied the condition of oc > 0. Another 
example is measurement of a time when a > al and the 
threshold for a as a target for the measurement can be 
set as occasion demands. 

[0055] The flowchart of Fig. 6 exemplified the 

case where the brake assist control was prohibited when 
the count T of the timer exceeded the threshold Tth. 
In addition thereto, it may also be determined that the 
brake assist control is prohibited when the vehicle 
velocity V is smaller than the predetermined low 
25 velocity Vth or when the gearshift lever is placed in a 

non-forward position (one of the P [Parking], N 
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[Neutral], or R [reverse] position), as also described 
previously with Fig. 5. 

[0056] The flowchart of Fig. 6 exemplified the 

case where the brake assist control processing was 
prohibited, but the determination process itself by the 
collision prediction determination part 100 may be 
prohibited, so as to forcibly supply the collision 
prediction level a = 0 to the brake control amount 
calculation part 200. In this case, S316 is configured 
to prohibit the determination process of the collision 
prediction determination part 100, so as to prohibit 
the brake assist control. 

[0057] Figs. 7 to 10 schematically show typical 

working situations of the brake assist control shown in 
15 the flowchart of Fig. 4. 

[0058] in first Fig. 7, when the collision 

prediction level a comes to satisfy a = al at time tl, 
the motor M is switched on. When the collision 
prediction level a comes to satisfy a = a2 at time t2, 
the conditions for execution of the brake assist 
control are met, but the brake pedal 1 is not depressed 
yet in fact. Therefore, there is no change in the 
pressure of the brake fluid in the wheel cylinders. 
When a braking operation is started at time t3, the 
brake assist control is initiated. The pressure of the 
brake fluid at time t3 is defined as pressure reference 
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value Ps (Ps = 0 in this case), the brake assist force 
is imparted according to the increase deviation from 
the pressure reference value Ps, and the pressure of 
the brake fluid increases as indicated by arrow a. 
5 Arrow b indicates a transition of the pressure of the 

brake fluid without execution of the brake assist 
control, and arrows a', b 1 indicate change of vehicle 
velocity against the transitions of the pressure of the 
brake fluid as indicated by the respective arrows a, b. 
10 [0059] If the braking operation is started at time 

t4 after the time tl and before the time t2, as shown 
in Fig. 8, the brake assist control is not carried out 
during the period between the times t4 and t2, because 
the collision prediction level a falls within the range 
15 of al< a < a2. During this period, the pressure of 

the brake fluid according to the braking operation acts 
in the wheel cylinders, as indicated by arrow c. When 
the collision prediction level a comes to satisfy a = 
a2 at time t2, the brake assist control is initiated. 
20 The pressure of the brake fluid at time t2 is defined 

as pressure reference value Ps, the brake assist force 
is imparted according to the increase deviation from 
this pressure reference value Ps, and the pressure of 
the brake fluid increases as indicated by arrow d. 
25 Arrow e indicates a transition of the pressure of the 

brake fluid without execution of the brake assist 
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control, and arrows d\ e' indicate change of vehicle 
velocity against the transitions of the pressure of 
brake fluid as indicated by the respective arrows d, e. 
[0060] If the brake pedal 1 is depressed at time 

5 t5 after the time t2, as shown in Fig. 9, the brake 

assist control is initiated thereat. In this case, the 
pressure of the brake fluid at time t5 is defined as 
pressure reference value Ps, the brake assist force is 
imparted according to the increase deviation from this 
10 pressure reference value Ps, and the pressure of the 

brake fluid increases as indicated by arrow f. When 
the driver loosens the depression on the brake pedal 1 
at time t6, the deviation from the pressure reference 
value Ps gradually decreases between times t6 and t7, 
15 and the brake assist force also gradually decreases 

according thereto. At time t7 the driver takes the 
foot off the brake pedal 1, whereupon the brake assist 
control is terminated. Arrow g indicates a transition 
of the pressure of the brake fluid without execution of 
20 the brake assist control, and arrows f, g* indicate 

change states of vehicle velocity against the 
transitions of the pressure of the brake fluid as 
indicated by the respective arrows f, g. 

[0061] In the case where the braking operation is 

25 started at time t8 and where a sufficient amount of 

brake operation is achieved before time t2 when the 
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collision prediction level a comes to satisfy a = a2, 
so as to obtain a sufficiently high pressure of the 
brake fluid (the master pressure P herein) , as shown in 
Fig. 10, the brake assist control is not carried out, 
the pressure of the brake fluid generated by the 
braking operation is supplied to the wheel cylinders of 
the respective wheels, and the pressure of the brake 
fluid changes as indicated .by arrow h. Arrow h' 
indicates a change state of vehicle velocity against 
the transition of the pressure of the brake fluid as 
indicated by the arrow h. 

[0062] Still another embodiment will be described 

below. The process step indicated as SI 18 in Fig. 4 
and others was described in the example where the 
braking increase AP was set according to AP = (P - Ps) 
x k. However, the value of this increase coefficient K 
(K > 0) can also be variably set according to the value 
of collision prediction level a. The control 

processing in this case is presented in Fig. 11. The 
flowchart shown in Fig. 11 adopts all the process steps 
shown in the flowchart of Fig. 4 and also includes a 
newly added step of S130. 

[0063] As described previously, it is determined 

at S116 whether the value of collision prediction level 
25 a exceeds a2, which is a condition for a start of brake 

assist control. When a exceeds a2 (in the case of 
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"Yes" at S116), the calculation part moves to S130 to 
set the value of increase coefficient K according to 
the value of collision prediction level a retrieved at 
S102, based on the graph shown in Fig. 12. In Fig. 12, 
5 the value of increase coefficient K tends to gradually 

increase as the collision prediction level a increases 
from a = a2 . Therefore, a larger value of increase 
coefficient K is set in a sufficiently high region of 
collision prediction level a from a = a2 than in a low 
10 region thereof. After the value of increase 

coefficient K is set according to the collision 
prediction level a at S130 in this way, the braking 
increase AP is set according to AP = (P - Ps) * K. 
[0064] Therefore, the braking increase AP is set 

15 to a larger value in the situation where the collision 

prediction level a is larger than a2; this makes it 
feasible to generate a larger brake assist force where 
the value of collision prediction level a is large. 
[0065] Still another embodiment will be described. 

20 in the case of the brake assist control shown in Fig. 4 

and others, the brake assist force is generated 
according to the increase of the master pressure P from 
the reference level Ps, and in this respect, for 
example, if the increase of the master pressure P is 
25 small from that at the point where the collision 

prediction level a exceeds a2, the brake assist force 
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generated will also be a small force. In the situation 
where the value of collision prediction level a exceeds 
a2 as the threshold for initiation of the control, even 
if the deviation is small between master pressure P and 
5 reference level Ps, it is also possible to generate a 

predetermined brake assist force (standard brake assist 
force) as a minimum required force greater than the 
brake assist force corresponding to the small 
deviation. 

10 [0066] Fig. 13 shows a control processing example 

of such brake assist control. The flowchart shown in 
Fig. 13 adopts all the process steps shown in the 
flowchart of Fig. 4 and also includes newly added steps 
of S140 and S142. 
15 [0067] After the braking increase AP is set 

according to AP = (P - Ps) * K at S118 as described 
previously, the calculation part proceeds to S140 to 
determine whether the braking increase AP calculated at 
S118 is not less than minimum braking increase APmin 
which is a prescribed lower limit of braking increase 
AP. This minimum braking increase APmin is a 

prescribed value as a braking increase amount for 
generating the "standard brake assist force" to be 
exerted as a minimum required force, at a start of the 

25 brake assist control. 

[0068] When the braking increase AP calculated at 
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S118 is not less than this minimum braking increase 
APmin (in the case of "Yes" at S140) , the calculation 
part moves to S120 to carry out the control of 
actuation of brake actuator 300 on the basis of the 
braking increase AP calculated at S118 as described 
previously. 

[0069] On the other hand, when the braking 

increase AP calculated at S118 is smaller than the 
minimum braking increase APmin (in the case of "No" at 
S140), the calculation part proceeds to S142 of an 
update process to define as new AP the minimum braking 
increase APmin greater than the braking increase AP 
calculated at S118, and then moves to S120. 
[0070] Accordingly, when the braking increase AP 

calculated at S118 is smaller than the minimum braking 
increase APmin, a constant brake assist force is always 
generated corresponding to the minimum braking increase 
APmin. On the other hand, when the braking increase AP 
calculated at S118 is not less than the minimum braking 
increase APmin, the brake assist force is generated 
according to the braking increase AP calculated at S118 
(or calculated from P based on the driver's braking 
operation) . 

[0071] Fig. 14 shows a transition state of 

hydraulic pressure with execution of the control 
processing as described above. When the collision 
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prediction level a comes to satisfy a = «2 at time t9, 
the master pressure P at this point is the pressure 
reference value Ps. Within a small increase range 
where the increase of master pressure P thereafter is 
small as indicated by dashed line LI, if the braking 
increase AP calculated at S118 is directly applied to 
generation of the brake assist force, the increase of 
the wheel cylinder pressure will also become sluggish 
as indicated by dotted line L2 between times t9 and 
tlO. However, it is desirable to demonstrate the 
effect of brake assist more during this period (t9- 
tlO) . 

[0072] Therefore, when the braking increase AP 

calculated at S118 is smaller than the minimum braking 
increase APmin, the braking increase AP calculated at 
S118 is updated to the minimum braking increase APmin 
(S142), whereby the brake assist force corresponding to 
the minimum braking increase APmin will be practically 
exerted to the master pressure P even during the period 
between times t9 and tlO (locus L3: t9-tl0) . The 
braking increase AP calculated at S118 becomes not less 
than the minimum braking increase APmin at time tlO, 
and thereafter the brake assist force is generated 
according to the driver's braking operation, based on 
the braking increase AP calculated at S118 (locus L4 : 
tlO-) . 
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[0073] The flowchart of Fig. 13 exemplified the 

case where the calculation part moved to S140 through 
the processes of S116 and S118, but the flowchart may 
also be modified so that S130 (Fig. 11) is executed 
between S116 and S118 to set the value of increase 
coefficient K according to the collision prediction 
level a. 

[0074] Still another embodiment is shown in Fig. 

15. in the flowchart of Fig. 15, S150 is added between 
S140 and S142 in the flowchart of Fig. 13. The 
calculation part moves to this S150 in a situation 
where the braking increase AP calculated at S118 is 
smaller than the minimum braking increase APmin (in the 
case of "No" at S140) . In Fig. 13 described 

15 previously, the calculation part goes to S142 to update 

the braking increase AP to the minimum braking increase 
APmin and then goes to S120 to carry out the control of 
actuation of brake actuator 300. 

[0075] In the case of the so-called slow braking 

where the pressure reference value Ps stored at the 
start of the brake assist control is not more than the 
predetermined low pressure, it can be assumed that the 
driver does not require very hard braking, and the 
collision prediction determination part 100 is highly 
likely to incorrectly have made the determination that 
the collision prediction level a was large, for some 
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reason, e.g., because of an incorrect detection. If 
the standard brake assist force as described previously 
is generated in this case, the braking force will 
suddenly increase to cause the driver to feel odd. 
[0076] Therefore, in the case of "No" at S140, 

i.e., in the situation where the braking increase AP 
calculated at S118 is smaller than the minimum braking 
increase APmin, the calculation part first goes to S150 
to determine whether the pressure reference value Ps 
stored at the start of the brake assist control is 
greater than a predetermined low pressure threshold 
Psmin. When the pressure reference value Ps is larger 
than the low pressure threshold Psmin (in the case of 
"Yes" at S150), the calculation part proceeds to S142, 
as described previously, to update the braking increase 
AP to the minimum braking increase APmin. On the other 
hand, when the pressure reference value Ps falls in the 
slow braking range of not more than the low pressure 
threshold Psmin (in the case of "No" at S150) , the 
calculation part directly goes to S120 to generate the 
brake assist force based on the braking increase AP 
calculated at S118. The brake assist force generated 
on this occasion is an assist force smaller than the 
"standard brake assist force" to be exerted as a 
minimum required force, so that the small brake assist 
force is exerted according to the driver's braking 
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operation. Therefore, S150 functions as a prohibition 
process of prohibiting the process of generating the 
standard brake assist force, in the slow braking case, 
which can adequately decrease the odd feeling of the 
driver due to the exertion of the standard brake assist 
force during the slow braking operation. 

[0077] Each of the embodiments described above was 

described using the example of the safety apparatus of 
the type in which the brake assist force was generated 
in the case of the level of risk of collision being 
high, in the case of securing the predetermined 
intervehicle distance, etc., as vehicular safety 
apparatus, but the present invention can also be 
applied to the safety apparatus other than the safety 
apparatus of generating the brake assist force as 
described. For example, the present invention can also 
be applied to pretensioner belts of such structure that 
seat belts are rewound by motors or the like upon a 
prediction of a collision to preliminarily exert a 
predetermined strong tension on the seat belts to 
protect occupants. In this case, the control 

processing in each of the aforementioned embodiments 
can be executed as a control of actuation of the motors 
for rewinding the seat belts, for example, in such a 
way that the tension on the seat belts is increased 
according to the increase deviation of the master 
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pressure P from the pressure reference value Ps . 
[0078] As described above, the vehicular safety 

apparatus of the present invention employed the 
configuration comprising the storage means for storing 
the amount of brake operation by the driver at the 
point where the collision prediction level exceeds the 
threshold, and the actuation control means for 
actuating the safety apparatus in accordance with the 
increase of this amount of brake operation from the 
reference level. This prevents the safety apparatus 
from being excessively actuated in the case where the 
increase of the amount of brake operation by the driver 
is low, and the actuation control can be carried out so 
as to adequately demonstrate the performance of the 
15 safety apparatus in the case where the increase of the 

amount of brake operation is high. Accordingly, it 
becomes feasible to perform the control of actuation of 
the safety apparatus while fully reflecting the actual 
operational feeling during the driver's braking 
operation and to suitably demonstrate the performance 
of the safety apparatus without causing the driver to 
feel odd. 

[0079] When the safety apparatus further comprises 

the prohibiting means for prohibiting the control 
processing of the actuation control means in the case 
where the collision prediction level of not less than 
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the predetermined level continues for the predetermined 
period, it becomes feasible to prevent the unwanted 
operation of the vehicular safety apparatus, for 
example, where incorrect determinations are 
continuously made because of sensor failure or the 
like . 

[0080] When the safety apparatus further comprises 

the prohibiting means for prohibiting the control 
processing of the actuation control means in the low 
range of vehicle velocity or with the gearshift lever 
being placed in a non-forward position, it is feasible 
to prevent the safety apparatus from being improperly 
actuated where the actuation of the safety apparatus is 
substantially unnecessary. 
15 [0081] When the actuation control means is 

configured to execute the actuation control to be 
executed with the increase being larger, in the high 
collision prediction level region than in the low 
region even against the same increase from the 
reference level, the performance of the safety 
apparatus is demonstrated more in the high region of 
the collision prediction level, and it becomes feasible 
to prevent the actuation of the safety apparatus from 
becoming excessive in the low region of collision 

25 prediction level. 

[0082] When the safety apparatus is constructed 
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adopting the configuration comprising the minimum 
control means for, even if the increase of the amount 
of brake operation from the reference level is within 
the range of the predetermined small increase, carrying 
out the actuation control according to the 
predetermined increase over the range of the small 
increase, it becomes feasible to surely demonstrate the 
minimum required performance of the safety apparatus 
even in the case where the increase of the amount of 
brake operation is small after the point where the 
collision prediction level exceeds the threshold. 
[0083] When the safety apparatus comprises the 

prohibiting means for prohibiting the minimum control 
means from performing the actuation control if the 
increase from the reference level is within the small 
increase range and if the reference level is within the 
predetermined slow braking range, it becomes feasible 
to decrease the odd feeling of the driver in the event 
of incorrect actuation of the safety apparatus during 

20 slow braking. 

[0084] When the safety apparatus further comprises 

the brake control means for generating the brake assist 
force and is arranged so that the actuation control 
means carries out the actuation control of the brake 

25 control means to generate a larger brake assist force 

with increase in the increase of the amount of brake 
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operation from the reference level, it can prevent the 
brake assist force from becoming excessive where the 
increase of the amount of brake operation by the driver 
is low, and it can generate the larger brake assist 

5 force where the increase of the amount of brake 

operation of braking is high; therefore, it becomes 
feasible to generate the brake assist force while 
adequately reflecting the actual operational feeling 

• • during the braking operation. 

10 [0085] When the amount of brake operation by the 

driver is the quantity indicating the force of driver's 
braking operation, the magnitude of the force of 
driver's braking operation is taken as the magnitude of 
degree to demonstrate the performance of the safety 
15 apparatus, and the control of actuation of the safety 

apparatus is carried out on the basis thereof; 
therefore, it becomes feasible to suitably demonstrate 
the performance of the safety apparatus without causing 
the driver to feel odd, while adequately reflecting the 
actual operational feeling of the driver. 
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